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I
ntraoperative fl uid administration strategies vary widely as a result of the limited understanding of the physiologic and clinical consequences of different fl uid replacement regimens on postoperative outcomes. 1 The stress response to surgery has been shown to profoundly alter fl uid homeostasis, leading to fl uid conservation, maintenance of intravascular volume, and preservation of blood perfusion to vital organs. Primary mediators of surgical stress response are the renin-angiotensin system, aldosterone, and antidiuretic hormone; however, the effect of the different fl uid regimens (liberal vs restrictive) on these mediators is largely unknown. Furthermore, the infl ammatory response to surgical stress results in increased capillary permeability and a tendency toward edema formation. 2 Thus, controversy exists about the optimal fl uid replacement strategy and the consequences of intraoperative fl uid management on postoperative outcomes.
Intraoperative administration of 40 mL/kg compared with 15 mL/kg of lactated Ringer's solution was shown to improve postoperative organ functions and recovery and shorten the length of stay in patients undergoing laparoscopic cholecystectomy. 3 However, the same investigators later reported that restrictive (median, 1640 mL; range, 935-2250 mL) compared with liberal fl uid administration (median, 5050 mL; range, 3563-8050 mL) led to a signifi cant improvement in pulmonary function and a reduction of postoperative hypoxemia. 4 Functional residual capacity decreases by 10% and diffusing capacity by 6% in response to an intravenous (IV) saline load of 22 mL/kg in healthy volunteers.
5
Neither parameter returned to normal up to 40 minutes after the infusion. McArdle et al 6 reported that a positive fl uid balance is predictive of major adverse morbid events (eg, myocardial infarction, pulmonary edema), increased intensive care unit stay, and increased overall length of stay in 100 consecutive patients undergoing open abdominal aortic aneurysm repair. In a study of 1280 consecutive patients undergoing isolated on-pump coronary artery bypass grafting, a total fl uid balance Ͼ500 mL at the end of the surgical procedure was predictive of increased length of stay.
7
In patients undergoing elective spine surgery, intraoperative blood loss varies but can be signifi cant (1 to 2 L).
8
Intraoperative blood loss is replaced with various combinations of crystalloids, colloids, and blood products; however, the replacement strategy varies among clinicians, with no clear guideline as to the optimal management of intraoperative fl uid replacement. Patients undergoing spinal procedures differ signifi cantly from patients undergoing abdominal or thoracic surgery. Patients undergoing spine surgery are often in the prone position, undergo surgeries of varying time lengths, require anterior exposures through the chest or abdomen, and undergo signifi cant bone and soft tissue manipulation, curve correction, osteotomy, or neural manipulation, all of which can result in significant blood loss.
The purpose of this retrospective study was to evaluate the effects of intraoperative fl uid therapy on length of hospital stay and pulmonary complications in patients undergoing spine surgery.
MATERIALS AND METHODS
After Institutional Review Board approval, a review of the Cleveland Clinic Department of General Anesthesiology Perioperative Health Documentation System was undertaken. The Perioperative Health Documentation System combines pre-, intra-, and postoperative in-hospital and post-discharge follow-up health information fed automatically by components of the hospital electronic medical record, anesthesia information management system, administrative claims data, and provider-entered health information. All patients who underwent spine surgery between 2005 and 2007 were included. This included patients who underwent vertebral augmentation procedures, microdiskectomies, single and multilevel decompressive procedures, single and multilevel fusions, and osteotomies. Patients who did not have a reported intraoperative estimated blood loss (EBL) or total volume of crystalloids, colloids, red blood cells (RBC), fresh frozen plasma (FFP), platelets administered, or urine output were excluded from the analysis.
Respiratory complications were defi ned as clinical diagnosis of postoperative acute respiratory distress syndrome, clinical diagnosis of pulmonary edema, or clinical diagnosis of respiratory insufficiency. The diagnosis was made by a consulting service, such as internal medicine, pulmonology, or cardiology. Patients with a diagnosis of a pulmonary embolus and deep vein thrombosis were excluded from this study. Patients with obvious nonanesthetic causes (eg, postoperative seizure or aspiration pneumonia) were also excluded from this study.
All intraoperative events, including electrocardiogram changes (eg, tachycardia, bradycardia, or arrythmias), hypotension (Ͻ90 systolic blood pressure), decreased partial pressure of oxygen (Ͻ90%), fl uid balance (fl uids in minus fl uid outs), and American Society of Anesthesiologists (ASA) scores, were obtained from the intraoperative anesthesia record.
Categorical variables were summarized using frequency and percent. Continuous variables were summarized using mean and standard deviation. Chisquare test or Fisher's exact test was used to compare categorical variables between patients with and without postoperative respiratory complications. A 2-sample t test was used to compare continuous variables. A univariate logistic regression model was used to analyze the association between the crystalloid, colloid, and total fl uids and postoperative respiratory complications. Receiver operating characteristic (ROC) analysis predicting post-operative respiratory complications was performed based on crystalloid, colloid, and total fl uids, respectively. Sensitivity and specifi city for each predictor was calculated. Sensitivity is the predicted probability of postoperative respiratory complication when a patient has a complication. Specifi city is the predicted probability of no complication when a patient has no complication. The best cutoff point for each predictor was chosen by minimizing the distance to the perfect point with sensitivity of 1 and specifi city of 1. Based on the total fl uid cutoff point, a subanalysis was performed to correlate this predictor with the length of stay.
Multivariable logistic regression with stepwise selection was used to develop a multivariable model to analyze the relationship between postoperative respiratory complications and the volume of crystalloids, colloids, and total fl uids infused intraoperatively. Patient age, sex, and race were the potential covariates. For all the other fl uid measurements, a univariate logistic regression model was used to assess the association between each of those fl uid measures and postoperative respiratory complication and length of stay. All tests were 2-sided at a signifi cant level of .05. All analyses were performed using SAS 9.2 software (SAS Institute, Cary, North Carolina).
RESULTS
A total of 1307 patients underwent surgery between January 1, 2005, and July 25, 2008. Seventy-four patients had repeated surgeries (up to 4). Data of the fi rst surgery were retained for analysis. Of the 1307 patients, 16 (1.22%) had postoperative respiratory complications. Six hundred four (46.2%) patients were women and 703 (53.8%) were men. Mean patient age was 55.7Ϯ17.5 years. Patient demographics and comorbidity data are presented in Table 1 . Characteristics of patients who developed pulmonary complications are presented in Table 2 . Table  3 presents the odds ratio estimates from the univariate logistic regression analysis based on volume of intraoperatively infused crystalloids, colloids, total fl uids, and other fl uid levels, respectively. Patients with a higher volume of administered crystalloids, colloids, and total IV fl uids were more likely to have postoperative respiratory complications. The odds of postoperative respiratory complications increased by 30% with an increase of 1000 mL of crystalloid administered. Table 4 presents the ROC analysis predicting postoperative respiratory complications based on the volume of administered crystalloids, colloids, and total fl uids, respectively. The areas under ROC for infused crystolloid and colloids were 0.7699 and 0.7202, respectively. Total fl uids had the largest area under ROC of 0.8078. However, the pair-wise comparisons indicated no statistical signifi cant differences in the areas under ROC among the 3 predictors (Table 5 ).
Receiver Operating Characteristic Analysis

Sensitivity and Specifi city
The best cutoff point for crystolloid was 3500 mL, with a sensitivity of 0.6875 and a specifi city of 0.7078, for postoperative pulmonary complications ( Table  6 ). The best cutoff point for colloid was 500 mL, with a sensitivity of 0.8125 and a specifi city of 0.6553, for postoperative pulmonary complications ( Table 7) . The best cutoff point for total fl uids was 4165 mL, with a sensitivity of 0.8125 and a specifi city of 0.7171, for postoperative pulmonary complications (Table 8) .
Total Fluid as a Predictor
A subanalysis was performed based on the total fl uid cutoff point of 4165 mL. Patients who received Ͼ4165 mL total fl uids had a higher ASA score, EBL, total anesthesia time, and length of stay, and were more likely to have a fusion (Table 9) .
Estimated Blood Loss as a Predictor
Estimated blood loss was an independent predictor of developing a pulmonary complication. Patients who developed a pulmonary complication had an EBL of 647.8Ϯ1060.4 mL vs 250.5Ϯ684.6 mL for those who did not develop a pulmonary complication (Pϭ.022)
Total Fluids and Length of Stay
A direct correlation was found between fl uids and length of stay. Patients who had Ͼ4165 mL of total fl uids had an average length of stay of 3.88Ϯ4.66 days vs 2.3Ϯ3.9 days for patients who had Ͻ4165mL of total fl uids (PϽ.0001) ( Table 9) . Atrial fi brillation; bradycardia (heart rate Ͻ50); tachycardia (heart rate Ͼ130).
Effects of Fluid Administration on Postoperative Wound Infections
Thirteen postoperative wound infections were diagnosed prior to discharge. No statistically signifi cant difference was found in the amount or type of fl uid received, duration of anesthesia, presence of fusion procedure, ASA score, or EBL in patients who developed a postoperative wound infection when compared with those without the complication (Table 10) . Patients diagnosed with a postoperative wound infection had a signifi cantly prolonged length of stay (13.9Ϯ9.9 days vs 2.6Ϯ3.9 days; Pϭ.0001).
DISCUSSION
Intraoperative fl uid management poses unique challenges. Although the maintenance of normovolemia is considered desirable, data in the literature document the benefi ts of restrictive intraoperative fl uid management. Part of the dilemma is that no easy way to precisely assess intraoperative volume status exists; although invasive monitoring techniques (eg, pulmonary artery catheter, central venous pressure, and intraoperative transesophageal echo) provide some insight, they are not routinely used in all patients undergoing spine procedures. Most commonly, fl uid requirements are assessed by calculation of volume defi cits from different formulas and an analysis of indirect signs of euvolemia (eg, urine output, respiratory variations of systemic blood pressure, and heart rate). However, none of these are specifi c and may lead to erroneous assessment of the fl uid needs causing fl uid overor under-resuscitation.
This study demonstrated an association between the amount of intraoperative fl uids administered and pulmonary complications. Our hypothesis was that intraoperative fl uid administration leading to perioperative fl uid excess (ie, in excess of normohydration) may adversely affect perioperative organ functions and delay recovery. Because fl uid balance is difficult to accurately assess intraoperatively, this hypothesis remains diffi cult to prove. In our analysis, a cutoff point of 4165 mL of intraoperatively administered fl uids was the most sensitive and specifi c marker for developing postoperative pulmonary complications. In retrospective studies, a 24-hour fl uid replacement of Ͼ3 liters and intraoperative fl uid load of у2000 mL were predictive factors for the development of postpneumonectomy pulmonary edema. 9,10 However, other authors reported that postpneumonectomy pulmonary edema was not related to the volume of administered fl uids.
11,12
In our study, a subanalysis was performed on patients who received Ͼ4165 mL of total fl uids. Patients who received Ͼ4165 mL of total fl uids were older; had a higher ASA score, greater blood loss, longer surgery, and longer length of stay; and were more likely to have a fusion procedure. This is in contrast to a study by Holte et al, 3 who reported improved outcomes and shorter lengths of stay for patients receiving a liberal fl uid regimen (40 mL/kg of lactated Ringer's solution).
However, in these studies, the procedures were considered minor (eg, laparoscopic cholecystectomy), with minimal blood loss, ASA class I and II, and average patient age of 37.5 years. In another study by Holte et al, 4 in which patient age, ASA score, duration of surgery, and EBL were similar to those of our patients, the authors reported that restrictive (median, 1640 mL) compared with liberal fl uid administration (median, 5050 mL) led to improvements in pulmonary function and postoperative reduction of hypoxaemia.
In our study, patients with pulmonary complications had a signifi cantly higher ASA score, were signifi cantly older, and were more likely to undergo a lumbar fusion than those without the complication. No difference was found in the length of surgery or EBL in patients who had pulmonary complications when compared with those who did not. Therefore, it is not clear why these patients received signifi cantly more crystalloids, colloids, and total fl uids intraoperatively than patients who did not have the complication. It is possible that the differences were related to the judgment of the attending anesthesiologist based on his or her clinical experience or circumstances not recorded in our data set. Examination of intraoperative hypotensive episodes and electrocardiogram changes (eg, atrial fi brillation or bradycardia) revealed no difference between the 2 groups.
In nonspine procedures, excessive fl uid administration has been shown to re- sult in adverse respiratory function. In 13 patients, the development of lung edema after various elective surgical procedures correlated with a net fl uid retention 67 mLϫkg -1 ϫday -1 . 13 In a randomized study between general and regional anesthesia in peripheral vascular surgery with minimal blood loss, patients received Ͼ6 L of crystalloid infusion within 24 hours postoperatively.
14 Despite the low to intermediate surgical stress, the overall pulmonary morbidity was high; 10% of the patients developed respiratory failure.
14 A retrospective case-control study of patients undergoing cardiac surgical interventions found a statistically signifi cant difference in intraoperative fl uid balance between patients who were successfully weaned and those who required reintubation. 15 In a prospective study of 87 ventilated medical patients, a positive fl uid balance (inputsϾoutputs) at 24, 48, and 72 hours and cumulatively (from hospital admission) was signifi cantly greater in weaning failures than in successes.
16
In a double-blind study, 32 ASA class I through III patients undergoing elective colonic surgery were randomized to restrictive or liberal perioperative fl uid administration groups. A liberal fl uid regimen led to a transient improvement in pulmonary function and postoperative hypoxemia but no other differences in all-over physiological recovery compared with a restrictive fl uid regimen after fasttrack colonic surgery. The authors found that morbidity tended to be increased with the restrictive fl uid regimen.
3
Our study demonstrated that patients who had longer procedures, underwent lumbar fusion, had a higher EBL, and had greater total fl uid administration had a longer length of stay. It was not possible to directly correlate excessive fl uid administration with length of stay in the entire sample reviewed. Reports confl ict as to the effects of intraoperative fl uid therapy on length of stay. In a prospective study of 152 patients undergoing intraabdominal surgery, Nisanevich et al 17 reported that the intraoperative use of restrictive fl uid management may be advantageous because it reduces postoperative morbidity and shortens hospital stay. In contrast, Holte et al 3 showed that intraoperative administration of 40 mL/kg compared with 15 mL/kg lactated Ringer's solution improved postoperative organ functions and recovery and shortened hospital stay after laparoscopic cholecystectomy.
Signifi cant limitations of our investigation were its retrospective nature and the inability to account for all possible important factors infl uencing the rate of postoperative pulmonary complications. Also, the number of pulmonary complications was low in our cohort, limiting its power. Our sample was heterogeneous in terms of the spinal procedures performed, hence the wide variation in intraoperative fl uid administration, blood loss, and blood product administration. To our knowledge, this is the fi rst time that the effects of intraoperative fl uid therapy on pulmonary complications in patients undergoing spine surgery have been evaluated. This investigation should be considered as hypothesis-generating to design a prospective trial comparing high vs low intraoperative fl uid regimens.
Many factors contribute to the development of postoperative pulmonary complications in patients undergoing spine surgery. The best treatment is prevention. All Atrial fi brillation, bradycardia (heart rate Ͻ50), tachycardia (heart rate Ͼ130).
patients undergoing spine surgery at our institution are evaluated preoperatively by an anesthesiologist and, based on this assessment, are optimized for surgery. All chronic conditions are stabilized preoperatively, the presence and extent of cardiac and pulmonary disease is established, and an anesthesia plan is developed.
CONCLUSION
Our study found an association between the amount of intraoperative fl uids administered and pulmonary complications. In addition, patients who developed postoperative respiratory complications were older, had a higher ASA score, and were more likely to undergo lumbar fusion procedures. Although length of stay was increased in patients who received Ͼ4165 mL of total fl uids, other factors, such as increased procedure duration, higher ASA score, and greater EBL, made it diffi cult to directly correlate increased total fl uid administration with increased length of stay. 
